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The efficacy of optimal doses of intramuscular ketamine and
midazolam injections for procedural sedation in
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Purpose : We reported previously that intramuscular ketamine with adjunctive midazolam is more
effective than ketamine alone in pediatric procedural sedation, but with limited satisfactory sedation
by suboptimal ketamine dose. The optimal dose of intramuscular ketamine in children has never
been studied in Korea. In this study, we investigated the effectiveness and adverse events of keta-
mine 4mg/kg with adjunctive midazolam in pediatric laceration repair.

Methods : From Jan. 2005 to July 2005, we enrolled 60 children, aged 3 months-7 years, who need-
ed laceration repair under sedation. After verbal consent from parents, patients were randomly as-
signed to KMA group(IM ketamine 4 mg/kg+atropine 0.01 mg/kg+intramuscular midazolam 0.05
mg/kg) or KA group(without midazolam). We compared both groups with the induction time, re-
covery time, total sedation time, efficacy of sedation, adverse effects, and the satisfaction score of
treating physicians.

Results : Potentially confounding variables, age, weight, injury site and anxiety score, were similar
between groups. The induction time, recovery time and total sedation time were not different statis-
tically. In KMA group, 90.9 percent of patients showed satisfactory sedation compared to 66.7 per-
cent of KA group(P=0.02) and the occurrence rate of significant adverse effect was 0.0 percent and
37.0 percent respectively.

Conclusion : We found adjunctive midazolam with ketamine doses of 4 mg/kg IM produced more
effective, satisfactory sedation and less adverse effect than without midazolam in pediatric laceration
repair. The emergence phenomenon(agitation during recovery) only occurred in 9 KA group patients.

In spite of adverse effect, all patients recovered, were discharged and there were no reported delayed
events. (Korean ] Pediatr 2006;49:726-731)
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Table 1. Anxiety/Tolerance Scale
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Score Anxiety before Tolerance during
1 Cooperative Cooperative/sleeping
2 Crying only when wound is touched Intermittent crying
3 Crying during general examination Continuous crying and/or additional restraint
4 Uncontrolled crying Continuous crying and/or additional restraint
HE AT A HNE 7E/A], AT FQA] $rjH Table 2. Ramsay Scale for Sedation
2 SEE sk A7 Hosk = QAR SFAEA ok Level Definition
AskA AF&T 2= 9 1)' - - -
Pl Ak 5 1 Patient awake, anxious and agitated or restless, or
gy gl Aol A ketamineS AW o Folmi 3 both
Aol g3 g AR, QFAA, ALES S AA 5 v 2 Patient awake, cooperative, oriented, and tranquil
7)o AnE Quislsle] 71 Tak AA ] tharel AR 3 Patient awake, response to commands only
- _ _ 4 Patient asleep, brisk response to light glabellar tap or
H 2 Q5] = o] 3 Aol T B ) - >
b2 A gaplae ek stk e sk v S oo scltons st
ol A ketamine?l AW FoIE $3 A=z IR FHHoZ 5 Patient asleep, sluggish response to light glabellar tap
o]z Ho] & or loud auditory stimulus
6 Patient asleep, no response to light glabellar tap or

AAEL o] A+E E3] ketamine@} midazolam= Tl

<& FAlete] 2ol Hau g3l AAFE FET & 3

= 428 A9d?. a8 9F % 3 mg/ked] ketamine &

Fo nadthe Aol Jgon 3tz Agel Wed A9t
A

o FEth Wol AlExte] WEEHAAE Vg olate ANE H
Ak olol o]xe] Aol o]o] midazolam®] &HS W

ketamine &%< 4 mg/kg® T FF A TF AH
28l oA 38 gy HY de] AEA

Fol7t ool n FARAT Hlstnrt selrh

A 2005 19HE 2005 7274 @ ol 9 AR
SFBAE g 2o AY SFRAMHRE ¥ dAXNEE
s WLPF 7H o]dte] LolE R ZREFS AMESHY

et 3709 wEkY fro}, M 2F ojul AVIE PUL
o WY vlme] BAl, 24 AQR, Sugely ey
M7 el SAlEE Fob ATTgelA A9t
WA Fokz ARt AF FA ool 30¥7ke] F4 717
o

FBE Fof wgkth ATl U Folt

1

2l ketamine 3 mg/kg+

g/kg FTEHETFAIR AAZAZ & A=stdt ghof
anxiety/tolerance scores Abg3to] =
zde 814 %9kt Y(Table 1).

ol g kAL 1014 1070A19] =27 A3 10709
T FolA 1E TR HdEste] 4% ketamine, atropine

ketamine, midazolam, atropine oI

loud auditory stimulus

(KMA) o2 wjAdstgiet oFe % 2§FAZ Foelil &

tamineS 2ok A4 wEHlEo] FTlete] 7|me] EAlE oz

F9loma ows 913 atropineS A FolstAry.

Foke Ao Hojslx] ok 3 AF Aldske] FoF 3
olE tHe AlEA= midazolamel AHE odFE & 4= glA &)
Aok T & WA, AE g3 s, HY AARA AleAs) o)

AR} glabellar taps JAA7IAE 180T 2ge] # &
%

o= 5Entrh AllstlaL FolellA] Zwbgh FAQlolete wE
= 1wk Al gkt

Aol F& A ol HA el oH o] de Age Kol
A AoR Hol Rux FoE P F F7F ZHFA YK
Aubsl & Al&g 1At 149 HEE Ramsay scales
Agate] wR R’ U(Table 2), 4 oldold 4 viH ¥ 4]
=5 AAsI L ERARl AL 5 oo ® Hoalrt

Sols A F HrEo AX A FRGe g A=
< SHYEtY AT 9 ey A3 os] Ald) wokiu A&
of A ke Sty A3t AA AF 9 pulse oxy-
meterg E% AAXIE FAIE FISIAT A E3E A
= e BA Btk 5% o] HastAY AAhEsE S5l
90% olatd A= Aadrk. a9 7E, $5F 44, FE5F
5o FHTol ust A& SFHAIL bEslEE 4k wis
A, 71 A FE Y FA7E 82 Ao Fulskdh A&l
2 % Ramsay scale®] 4 #|gro]d o]2lo] 3lEH oz 3
A3 EHAZA Ha 308 1% ketamine F19F #HAE FHF
o LA RS HEST) FtololAlA Tk Ay Ze HE9
Aol Aksd, 23, ALAQl ZAA S5s AFd F
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H 1(15-3870¢), KMAT2 AS 107M€A] 72142
A 2471€ (14 470D)elAt, AFS KATS 141
3.1 kg, KMAw 137129 kgolddth 3% 44 F9+= KA

QbR 2521(92.6%), A 18(3.7%), A 1(3.7%),

KMAw- A 30#(90.9%), A 3#d(0.1%)=2 F + EF

QPARZE gi-Zoldrt. = wizbel]l AH| AlF, dA#, A 5§49

= TATAHCRE foldk o7k iUt Table 3).
Anxiety/tolerance scoreZ ©]-&3}o] Frolo] FoF A %E“
BE FAste] T w3k £ A SEAH Aot gles I
glate] oRAIZFe] XAEME HAFT F AEF FATE Anxi-

ety/tolerance scorex KA, KMAwZrol #9]3F x}o]S Ho]

A % AUTHTable 4).

FoF & Ramsay scale 4 ©]/o] Ho] 7ol Aztd A7}

A o] FAFEALE KAT S 6.02(5.0-8.0%), KMAT S 55%

(5.0-9.8) oI ATHP=0.926). FF FHE A& vHX|IL glabel-

lar tapell ¥H&-3te] oj2lo] F|LH7|7EA 9] A3 EA S KA

T2 55.04(47.0-70.0%), KMAT2 55.0%(45.0-66.5) ] ATt

(P=0.626). 5 Ttell AAFEAIZ, JAQIEAZ, F AT
A= TAHLE Fold o7k I THTable 5).

749l a3E wus] 2H &34 A< Ramsay scale 5

o]l A7t KAT-S 18%(66.7%)7F, KMA 30#1(90.9%) =

KMAwo] el Hrh g3 o] A vh(P=0.02)

&
=
T

A =T B 3EV F OFES, ?%75'%, Abasie
&, T FE, 35 A R AAE F4E T 35 A F

Table 3. Baseline Characteristics in the Study Groups

KA'(N=27) KMAT(N=33) P-value

Age(month) 0.812

Median(1Q-3Q) 25(15-38) 24(14-47)
Male(No.) 20(74.1%) 20(60.1%) 0.409
Weight(kg) 13.9+£3.1 13.7£2.9 0.799
Site of injury(No.) 0.852

Face 25(92.6%) 30(90.9%)

Upper extremity 1( 3.7%) 3( 9.1%)

Lower extremity 1( 3.7%) 0( 0.0%)

"KA : Ketamine-atropine, 'KMA : Ketamine-midazolam-atropine

Table 4. Anxiety/Tolerance Scale

Scale KA(N=27) KMA (N=33) P-value

1 12(44.4%) 14(42.4%)

2 15(55.6%) 19(57.6%) 0541

3 0( 0.0%) 0( 0.0%) ’

4 0( 0.0%) 0( 0.0%)

= 94, 7+ FE 48 QA A K Table 5). °l& FAEEL
AREA] MXE e #F st AEQI BT FAte] IE
Ho] FA39th. €& &/ (emergence phenomenon)©]zt
T AE IE A Tl HAS 98 BT KA A
el Fzhg Wl Ag= 279 KATIA 357, 339 KMA
oA 1673013 Fholo] AR KATS 139(48.1%)°] 1L

KMATS 8%(24.2%) 0.7 KATA frosiA B Rzkgol
1A 5191 H(P=0.048)(Table 6).
b Fo] T 1A anrt 28R %o} ketamines F7IE
=

Folgk 99 5 KATol 278 81(29.6%), KMA°] 333

Z 14(3.0%)22 F93 ztol& BT
NEAte] BEEE BE ul$ BES F FAAL S
H]&90] KAT2 55.6%, KMAT2 90.9%% #93 2ols w3
o Alsdge] wE EEe zol= i HY & 5Ed &
Aot atgol MAHAY Fol gl
il &t

Ketamine2 <&FAFe} FulFAlzl 25 7bsdk sgd 7l
AR 2opRIA o HAEadel disixe =ort s e F
ojth, AWFALe] A 1-15 mg/kgs, Z&FFA A9 3-5
mg/kg7t B Yo 4-5 mg/kgol 7HE AAd &0
= oans gy Sy 2ol 2&FAL A B4 keta-
mine®] &%l ATE vl gllel ATAES o AFelA
midazolam®} W& FoJA| ketamines 3 mg/kge §HoE F
ofatgltt. 18y Green 570l 4-5 mg/kg?l £HOE 93-100
%ollA Hdet IAaNE AW A} vias] 2 Az W
== WollA 7l e]ste] AdE AAUNU
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Table 5. Comparison of the Induction Time, Total Sedation Time, Ramsay Scale, Satisfaction, Number of Added Medication, and

Adverse Effects

KA(N=27) KMA(N=33) P-value
Induction time(min) 0.926
Median(1Q-3Q) 6.0(5.0-8.0) 5.5(5.0-9.8)
Recovery time' (min) 0.626
Median(1Q-3Q) 55.0(47.0-70.0) 55.0(45.0-66.5)
Total sedation time™(min) 0.533
Median 87.0(75.0-103.0) 84.0(79.3-103.8)
Ramsay scale(%) 0.079
1 2( 7.4%) 1( 3.0%)
2 1( 3.7%) 0( 0.0%)
3 0( 0.0%) 0( 0.0%)
4 6(22.2%) 2( 6.1%)
5 7(25.9%) 19(57.6%)
6 11(40.7%) 11(33.3%)
Physician satisfaction (%) 0.006
Very satisfied 12(44.5%) 17(51.5%)
Satisfied 3(11.1%) 13(39.4%)
Moderate 2( 7.4%) 2( 6.1%)
Unsatisfied 4(14.8%) 1( 3.0%)
Very unsatisfied 6(22.2%) 0( 0.0%)
Patients who need additional medication (%) 8(29.6%) 1( 3.0%) 0.008
Patients with adverse effect(%) 13(48.1%) 8(24.2%) 0.048
Patients with significant adverse effect® (%) 10(37.0%) 0( 0.0%) 0.000

“Induction time : Beginning of medication administration until sedation, 'Recovery time : Beginning of medication adminstration

until recovery,

Total sedation time : Beginning of medication administration until time ready for discharge, ®Significant adverse

effect : apnea, laryngospasm, oxygen desaturation, vomiting, agitation

Table 6. Occurrence of Adverse Effects(Event)

KA(35/27)"% KMA(16/33)"%

Apnea 0 0.0) o 0.0)
Laryngospasm 0C 0.0 o 0.0
Oxygen desaturation 0oC 0.0) oC 0.0
Nausea/vomiting 4(C 114) o 0.0
Hallucination 0C 0.0 o 0.0
Agitation 9 25.7) o 0.0
Excessive salivation 4( 11.4) 0oC 0.0
Other

Hiccup 2( 5.7 o 0.0

Eye opening 6( 17.2) 7( 43.7)

Nystagmus 6( 17.2) 5( 31.3)

Skin rash 4( 11.4) 4( 25.0)
Total 35(100.0) 16(100.0)

“Adverse effect(event)/N, (N=No. of patients)

2 A= ketamine®] &0l AU WELR A=t
Fsto] ol Ao A= ketamine 4 mg/kgel &S

AEE oW AFA%E Ramsay scale® =
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